I. PROJECT SUMMARY
The Buried Waste Containment System (BWCS) is a joint research and development project between Lockheed Martin Idaho Technologies Company (LMITCO) and RAHCO International, for the U.S. Department of Energy (DOE) . The purpose of the project is to provide an effective, cost efficient alternative to existing technologies for remediation of buried waste. This approach excavates around and under waste landfills or plumes and contains them with an underground barrier to effdvely and efficiently contain wastes that are potentially harmful to the environment.
The BWCS features a self-propelled, track mounted BPM capable of excavating along side and under a buried waste pit while continuously grouting an instrumented containment barrier in the trench behind it as it advances. The unit is designed to contain a site about 40 ft wide and 18 ft deep, and of unlimited length. The machine will be capable of cutting at rates of 2 to 10 ft per hour, 24 hours per day.
While the site is being excavated, the machine lays a 12 to 16-in. under barrier with 6 to 8-in.-thick walls, providing a leak-proof, tub-like, containment around the undisturbed waste.
This report evaluates sensors used to monitor radionuclides and volatile/semi volatile organic compounds encountered during slot cutting and barrier placement activities. Tubes providing access for long-term monitoring will also be evaluated.
Latex modified cement is the barrier material. This mortar type material meets the emplacement properties required and is deployed similarly to conventional cements.
During barrier placement activities, spoils are conveyed through an assay station on the barrier placement machine where they are monitored for volatile organic compounds (VOCs) and radionuclides. For monitoring VOCs during emplacement activities, the Fourier-Transform Miared Spectrometer (FTIR) system is preferred because. of the maturity of the technology and the availability of technical data. Various radiation detectors can be used to screen the excavated material. If radionuclides are detected by the screening method, the spoils will be examined using a gamma spectroscopy system with a germanium detector to detect the isotope and radiation level.
Long-term integriity of the containrnent barrier will be measured using fiber-optic sensors emplaced in the barrier material to monitor for strain and cracking in the material. In addition, access tubes used to house bundles of scintillation fibers to monitor for radionuclides and a fiber-optic coupled spectroscopy system to monitor for VOCs will be placed directly into the barrier material during emplacement. The access tubes provide a method of removing, addmg, or changing instruments and sensors to the long term monitoring system. Five potential sites were chosen for a proof of principle test: Pacific Northwest National Laboratories (PNNL) in Washington, the Tonapah Test Range in Nevada, the Idaho National Engineering and Environmental Laboratory (INEEL) in Idaho, Sandia National Laboratory in New Mexico, and the Pantex Plant in Texas. The selected site would need to be analyzed for the type of hazards present at that location.
EVALUATION OBJECTIVES
The objective of this report is to evaluate different monitoring technologies and recommend a technology to further develop each application. These monitoring methods will be used with the BWCS to detect the presence of VOCs and radiation during barrier emplacement, and leakage through the containment during long-term storage. Specifically, BPM mounted sensors, to monitor the excavated spoils for radiation and VOCs, and access tubes, embedded in the containment barrier to monitor for radiation and VOC leaks, will be used.
Technologies in the three areas mentioned above will be evaluated based on maturity of the technology, availability of technical data, cost, risk, and efficiency. One technology will be recommended for each.
The purpose of this evaluation is to review existing technologies and quickly narrow the options to a single technology and perform scoping research on that selected technology. This scoping research is needed to provide preliminary design information for the design and development of the BPM. It is not intended to be a detailed design but will rather provide envelope sizing, concept description, and rough order magnitude cost estimates.
Volatile Organic Compound
As the barrier placement machine advances it excavates spoils from the sides and from a slot under the site to be contained. The spoils are conveyed up and out the back of the BPM. A method is required to monitor these spoils for presence of VOCs. This monitoring method needs to identify the presence, type, and location of the VOCs. The VOC sensors need to monitor the spoils after excavation and before they are returned to the site. This objective of this evaluation is to identify the process, the equipment, and the approximate cost for this methd.
Radiation Sensors
Between excavating and returning the spoils to the site, they must be monitored for radiation and VOCs. BPM mounted sensors are required to detect radiation in the excavated waste. If radiation is detected above a predetermined threshold, other sensors will be required to further determine the energy spectrum.
The objective of this evaluation is to identify the process, the equipment, and the approximate cost for this method.
Long-term Monitoring Access Tubes
Access tubes will be placed in the banier material during barrier emplacement to provide a mechanism to monitor for VOCs and radiation migration through the barrier. The objective of this evaluation is to make preliminary recommendations for size, material, and geometry for these access tubes.
REQUIREMENTS AND ASSUMPTIONS
The following list of requirements and assumptions were used in the development of the evaluations in this report. Additional requirements and assumptions will be identified as the project progresses and as site specific requirements are defined.
Threshold litnits will be site specific and the equipment must provide a method for chanplng limits.
Detection of unsuspected contamination, VOCs, or radionuclides above threshold limits will suspend placement activities.
Site regulators will require removed topsoil to be replaced at the site as part of the site restoration.
Operations can be performed under open-air conditions without the need to capture airborne particulate, filter dusts or gases, etc.
Computer equipment and instrumentation will be capable of operating under hostile conditions encountered during this type of operation, such as vibration, shock, etc.
The BPM will be capable of detecting VOCs and radiation, and will identify their point source during placement activities. A Global Positioning System (GPS) will be used to position the BPM.
Emplacement operations will only be performed during the following environmental conditions: ambient air temperature between 10 and 4YC, wind to 10 mph with gusts to 20 mph, and precipitation 0 in. These restrictions are based on the allowable operating conditions of the BPM.
The air above the spoils w i l l be sampled for VOCs as it passes by the sampling station.
TECHNOLOGY EVALUATION
The purpose of this evaluation is to review existing technologies, narrow the options to a single technology, and perform scoping research on that selected technology. Scoping research will be used to provide preliminary information to design and develop the BPM. It is not intended to be a detailed design but will rather provide envelope sizing, concept description, and rough order magnitude cost estimates.
VOC Monitoring Equipment
Prior to initiating the technology evaluation, a list of potential instruments to rapidly monitor VOCs on-line during the digging operation was developed. This list forms the basis of this evaluation. Of the four technologies, the GCMS and the AOTF were eliminated by cursory investigation for reasons described below. The two remaining technologies were evaluated in more detail.
.l Gas Chromatography/ Mass Spectrometry (GC/MS)
The GCMS instrument has many disadvantages: (1) its response time is on the order of several minutes; (2) it will only identify those gases assumed to be there; (3) it ionizes the gases and therefore destroys the sample, precluding additional tests; and (4) it requires daily calibration. Because of these disadvantages, this technique was not pursued fixther.
Acoustic-Optic Tunable Filter (AOTF) Infrared Spectrometry
The AOTF was not pursued further because of the lack of maturity of the AOTF technology and the unavailability of technical data.
Heated Carbon Analyzer with Photo Acoustic Infrared Spectrometry (PAS)
The PAS monitoring technology evaluated is comprised of two systems: (1) a heated carbon analyzer that identifies the presence of VOCs, and (2) a photo acoustic infi-ared spectroscopy system (PAS) that identifies the compounds and concentration levels.
The heated carbon analyzer continuously measures the presence of hydrocarbons within a gaseous sample by using the flame ionization method. The analyzer will detect the presence of hydrocarbons, but will not identify them. A sample is then passed to the PAS to identify the compounds and their Concentrations. 
$20K.
The PAS operates on the principle known as the photo acoustic effect, which is the emission of sound by an enclosed sample upon the absorption of chopped light. When a gas is irradiated with light, it absorbs some of the energy in proportion to its concentration. The absorbed light energy is immediately released as heat, causing the pressure to rise. When the light is modulated at a given fiequency, the pressure increase modulates as well. Pressure waves (sound waves) are measured with a microphone.
Contamhunts will be site specific and may vary from those listed below. For purposes of this evaluation, the following list of VOC contaminants, specific to the Subsurface Disposal Area at the INEEL, was used:
The list of VOCs was supplied to the manufacturers of the PAS methods. A drawback to the PAS is the requirement for the light source to be tuned for the compounds being measured. Therefore one must know what compounds are expected prior to using the instrument. The PAS instrument is vibration sensitive and will probably need to be mounted off the BPM. 
Fourier-Transform

Radiation Monitoring Equipment
A radioactive characterization method (assay station, handheld monitors, and counting stations) is needed to provide rapid measurements to map the activity as a function of position, identify the radionuclides present at various positions, and quanti@ the amount of radionuclides present.
Low level detection (LLD) measurements depend upon the background conditions of the monitored area. Background radiation levels are site specific and local area specific. Background levels must be determined and measurement equipment set at a setpoint above the measured background levels.
The following radioactive characterization method is recommended for BWCS barrier emplacement operations. Radiation monitoring for alpha, beta, and gamma radiation will be required on all excavated spoils. Setpoints can be set to site specific predetermined values. Indications and alarms will be routed to a central control booth. Readouts and alarms will be available both locally and in the control booth. If alarms or setpoints are reached, the emplacement machine is stopped and hand held equipment will monitor the above normal reading. Once the abnormal reading is resolved, an operational decision will be made and the operation will continue or stop. If desired, samples can be taken and delivered to a nearby counting station to gain better resolution of the sample.
Assay Station
A radiation monitoring assay station contained on each conveyor belt would monitor beta particles and gamma rays. One of three types of detectors could be used. The germanium detector will give fine resolution to 1.5 KeV, but requires liquid nitrogen cooling making it fragile and sensitive to vibration. Sodium iodide scintillation lNa(TI)1 detectors work well, with energy resolution in the 50 KeV range, but several would be required (approximately 8-10) to cover each conveyor belt. These detectors need to be calibrated to one another to match energy pulses, if not, the cumulative energy resolution band could be very large. These detectors are also temperature and vibration sensitive. The plastic scintillator is more durable and not temperature sensitive. Energy data coming into the detector can be used to perform a multichannel analysis of the signal to determine several energy peaks. The plastic scintillator is the detector of choice based on its durability and temperature tolerance and is discussed below.
Each assay station will consist of two detectors on each side. The detectors have a 0.01 in. thick mylar window protected by a thin plastic screen to let the maximum amount of radiation pass through. The method would analyze the energy of the decay gamma and hard beta (betas with high energy) and display an energy spectrum showing data from KeV to MeV. The computer system monitoring the radiation could be the same unit used for receiving and displaying the VOC information.
One system will be required for each conveyor. Each assay system consists of two organic plastic detectors with photo multiplier tubes ( PMTs), a light guide, and a voltage divider. One, two-channel ampIifier/single channel analyzer (SCA) will provide high voltage and signal processing for the detectors.
Each detector will have a dedicated amplifier and digital output to the counters in the computer located in the operator's cab on the BPM. System software will provide diagnostic modes to assist in analyzing system operation, as well as background acquisition, scanning, and alarm calculations. Computer-1 ft x 1 ft x 2 ft weighing 25 lb. Price is $25,000.
Cost is approximately $75,000 for the onboard radiation monitoring system for two conveyors. Two conveyors would consist of two pairs of detectors and one computer.
Survey Monitors
If radiation is detected by the assay station above a predetermined level, the BPM w i l l be stopped and hand held devices will be used to monitor the spoils to provide a better indication of the radionuclides present. Two types of hand held equipment are required, one to measure beta and gamma, and one to measure alpha.
0
The Bicron Model G5-BELBR is a low background rugged fiddler gamma scintillation probe for detection of low-energy x-ray, beta, and gamma radiation. The price is $6,800. The Bicron Model 
Counting Stations
Y
Identification of specific radionuclides is required by the Code of Federal Regulations (CFR), 10 CFR 835. The CFR requires information on the isotope and the quantity discovered. This could be accomplished by sending samples to another fkcility or laboratory, but the time delay would be unacceptable to BWCS operations. Two systems are needed to provide this data, one is the alphaheta counter and the other is the gamma germanium counter. These systems would be located separate from the BPM, but on station in the local area of BPM operations. Total cost for radiation instrumentation including assay stations on the BPM, survey monitors, and the counting stations in a remote location is approximately $155,000.
Long-term Monitoring Access Tubes
To ensure that the containment barrier is not breached and still provides the level of containment desired, access tubes w i l l be installed in the barrier to allow monitoring of VOCs and radiation for the life of the barrier. The Code of Federal Regulation, 40 CFR 264, Subpart N, Section 264.303 requires liners to be inspected and monitored during installation. There is no specific requirement for monitoring during the active life of the liner. However, there are requirements for a leachate collection method and a double liner when installing a containment for new waste. There are no such requirements for in situ containment, however, in an effort to meet the intent of the leachate method and double liner requirements, this project provides access tubes in the barrier to monitor VOCs and radionuclides that might leak through the containment. Access tubes will be located in the barrier material near the outside surface of the barrier.
Instrumentation can be installed in the access tubes, after the containment bamer is completed, for longterm monitoring.
The initial estimate for detection of radiation will require the tubes to be located at 1 ft intervals. The spacing of sensors inside the access tubes will require 80 detectors located 1 ft apart along the length.
The fiber optic radiation detection bundle will be approximately 1 in. in diameter. Additional investigation is needed on the VOC fiber optic sensor geometry, but an estimate of the VOC sensor bundle is approximately 1 in. in diameter. Based on these estimates a minimum diameter for the tubing is 2 in. To allow room for bending and installation of the fibers, a 3 in. internal diameter tube is recommended.
Minimum bend radius on the tubing is 10 in. based on the minimum bend radius of the fiber optic bundle.
The long-term monitoring access tubes need to be open to the elements to allow VOCs to enter the void space in the tubes. Perforation of the tubes will be done after barrier emplacement to keep the barrier material &om plugging the tube. Two methods are available for performing this function: one uses a laser with a 2 in. diameter turning optic mirror and the other uses high pressure frozen gas. Perforation geometry is yet to be determined and is partly contingent on the requirements of the VOC fiber optic sensors.
Requirements in "Preliminary Design Requirements for a Buried Waste Containment System", MEL-96/0458, state that we need a tube, flexible to -4OOF that will last for 100 years. This could not be located, however, polyvinyl chloride (PVC), PAC-FLEX Flexible conduit (made by Pacific Echo Inc., Torrance CA, (800) 421-5196) is a viable substitute and has been in service for 30 years. The temperature range of the conduit is -10 to +130°F and the manuf&turer will guarantee it for 20 years within that range.
When the temperature drops below -10°F the PVC becomes brittle and migration of the polymer chains occurs, weakening the material. If the PVC tubing were to breakdown, an auger device could be run the length of the tube removing the broken pieces leaving a 3+ in. diameter unlined hole in the barrier. This is also an option for initial installation, i.e., place a disposable liner during emplacement and ream the entire liner out rather than perforating. The only anticipated exposure to 40°F is in the upper 4 ft of access tube where it is near the surface of soil. It is beyond the scope of this evaluation but it seems reasonable to assume that there are engineered solutions to this scenario.
Other types of tubing investigated were metal, rubber, teflon and cryogenic tubing. The metal tubing has the disadvantage of not being flexible and would require cathodic protection. Rubber has problems with microbial attack when buried in soil. Teflon becomes powder like when subjected to 10 to 10 rad, only comes in 10 ft lengths, and is expensive. Cryogenic tubing is good to -25OF but has a rubber compound, and is approximately 3 times the cost of flexible PVC. Flexible PVC is the recommended material for the access tubes. The tubes should have a minimum inside diameter of 3 in. and accommodate a 10 in. minimum bend radius. Tubes should be spaced at a maximum of 12 in, center to center based on the requirements for radiation monitoring. It should be noted that this might change based on risk if demonstrated by risk analysis.
HEALTH AND SAFETY
The governing document for the DOE complex-wide radiological control program is 10 CFR 835 Access control requirements are contained in RCM Chapter 3 Part 3 and implemented by MCP-7 "Radiological Work Pennit." These sections include implementation requirements for the radiological survey program. Radiological work control requirements are contained in RCM Chapter 3 Part 3 and implemented by MCP-7 "Radiological Work Permit." The l i m i t s for contamination and radiation identified in Chapter 2 of the RCM will need to be applied to this program. These will establish the bottom line monitoring requirements for the excavation. The radiation detection equipment for the BWCS will be required to detect alpha, beta and gamma radiation.
Site specific requirements will need to be developed for each end-user site.
CONCLUSIONS AND RECOMMENDATIONS
VOC Monitoring Equipment
Based on BPM operating conditions, a FTIR system is the recommended measurement method because of its high sensitivities and sampling rates, and because it is rugged enough to be mounted to the BPM directly. In addition, it records a spectrum for each scan, which can be reviewed later to look for other gases that may have been missed. The spectrums can also be used to prove other gases were not present in the spoils. 
Radiation Monitoring Equipment
The radiation monitoring method includes assay stations, handheld monitors, and counting stations. One assay station is required on each conveyor. Each assay station consists of two organic plastic scintillator type detectors with photo multiplier tubes (PMTs), a light guide, and a voltage divider. One, two-channel amplifier/single channel analyzer (SCA) will provide high voltage and signal processing for the detectors. Each detector will have a dedicated amplifier and digital output to the counters in the computer located in the operator's cab on the BPM. System software will provide cbagnostic modes to assist in analyzing system operation, as well as background acquisition, scanning, and alarm calculations. D a t a is fed from the assay stations to computers located in the operator's cab. The computer system monitoring the radiation could be the same unit used for receiving and displaying the VOC information.
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This system is a plastic scintillator type, TSA Model WM-289 Waste Monitoring System. Cost is approximately $75,000 for the monitoring system for two conveyors, including a computer.
If radiation is detected by the assay station above a predetermined level, the BPM will be stopped and hand held devices will be used to monitor the spoils to provide a better indication of the radionuclides present. Two types of hand held equipment are required, one to measure beta and gamma, and one to measure alpha.
The Bicron Model G5-BELBR is a low background rugged fiddler gamma scintillation probe for detection of lowenergy x-ray, beta, and gamma radiation. Price is $6,800. The Bicron Model ANALYST portable ratemeter with two single channel analyzers is also needed to use the Bicron Model G5-BELBR. Price is $980. Total cost for radiation instrumentation, including assay stations on the BPM, survey monitors, and the counting stations in a remote location. Price is $155,000.
Long-term Monitoring Access Tubes
The recommended tubing for the long-term access tube is the PVC PAC-FLEX Flexible Conduit, Spiralite 850 in nominal 3 in. size. This tubing has a recommended minimum bend radius of 8 in., costs $3.26 per ft, and is available in 100 ft lengths. This tube is temperature rated at -10°F to +130"F. Based on the requirements for radiation detection, the ideal spacing would be on 12in. centers.
A material that may meet the -40°F temperature requirement and last for the 100 year time frame is high density polyethylene O P E ) , used to make underground holding tanks, but it needs to be investigated further for this application.
Testing the laser, or high pressure gas, or both to perforate the tubing should be performed prior to final design. This testing would take approximately 2 weeks to complete. It would be advantageous to perform the test in near field conditions, i.e. embedded in the barrier material.
A 3 in. diameter tube is recommended. Calculations for the diameter of the access tube are in Appendix A.
